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The aim of this paper is to provide the underpinning scientific basis for the optimum 
management of white and red clovers. Critical morphological and canopy characteris-
tics which influence the yield and persistence of white and red clover in swards, and 
how management factors (choice of cultivar, defoliation and nitrogen (N) fertilizer) 
modify these are considered. Canopy development is vitally important as it determines 
the extent to which a) light is intercepted for photosynthesis needed for growth and b) 
the base of the sward is deprived of the red component in daylight, inhibiting branching 
of stolons and crowns in white and red clover, respectively. The role of cultivar, defolia-
tion and N fertilizer in determining yield and persistence of the two legumes, mainly in 
mixtures with grass, are discussed principally in terms of morphological development 
and exploitation of light. It is concluded that optimum management for grass/white clo-
ver places emphasis on building up stolons and maximising contribution of clover leaf 
area to the upper layers of the mixed canopy and, while red clover is more competitive 
to grass than white clover, that benefit is lost when a grass/red clover sward is grazed.
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Introduction
White clover (Trifolium repens L.) and 
red clover (T. pratense L.) can offer con-
siderable benefits in livestock systems in 
Ireland. Both legumes provide forage high 
in protein and digestibility which facili-
tates high intake by animals. They also fix 
atmospheric N in symbiosis with root nod-
ule bacteria (rhizobia), allowing a reduc-
tion in the use of N fertilizer. A general N 
fixation rate for forage legumes has been 
summarised at about 25 kg/t of dry matter 
(DM) yield (Peoples and Baldock, 2001). 
Thus, for swards with a high red clover 
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content (e.g., 75% of 12 t DM ha-1 year-1), 
annual N fixation would be expected to 
be in excess of 200 kg/ha. Estimates of 
the contribution of white clover to the N 
economy of swards, i.e. over and above 
the contribution of soil mineral N, are 
generally in the region 40 to 60 kg/t clover 
DM (Laidlaw, 1988; Elgersma, Schleper 
and Nassiri, 2000). Studies from UK and 
Ireland showed that the amount of N fixed 
by white clover growing in a sward with 
ryegrass (Lolium perenne L.) ranged from 
30 to 170 kg/ha per year (e.g. McNeill and 
Wood, 1990)
White clover is the most common 
 forage legume in Ireland. It is typically 
grown in swards with a companion grass, 
usually ryegrass, and grazed by sheep 
or cattle. Grass/white clover swards 
may persist for several years, but reli-
ability of white clover is a key concern. 
The contribution of white clover to total 
pasture yield and quality can be modi-
fied by the cultivar used and is strongly 
influenced by grazing management and 
N fertilizer application.
Red clover is usually utilised in short-
term stands of up to 3 years with declining 
yields usually after 2 full harvest years, so 
maintaining yield in and beyond the third 
year is a key management objective. Red 
clover is grown typically with a grass, usu-
ally perennial ryegrass, Italian ryegrass 
(L. multiflorum Lam.), or a hybrid of 
these two, but it may also be grown as a 
monoculture. Grass/red clover swards are 
mainly cut for conservation as silage, but 
they are often grazed by cattle or sheep in 
autumn after the final cut.
The growth and management of white 
and red clover have been well reviewed 
(Frame and Newbould, 1986; Baker and 
Williams, 1987; Forde, Hay and Brock, 1989; 
Soegaard, 1994; Pederson, 1995; Taylor 
and Smith, 1995; Taylor and Quesenberry, 
1996; Frame, Charlton and Laidlaw, 1998; 
Barnes et al., 2003). Competitive aspects 
of the grass/legume association have been 
reviewed by Haynes (1980). Recently, 
reviewers have compared the persistence 
and regeneration mechanisms of white and 
red clover (Brummer and Moore, 2000) 
and have emphasised the importance of 
persistence in breeding of the two legumes 
(Abberton and Marshall, 2005; Taylor, 
2008).
The aim of this paper is to provide 
the underpinning scientific basis for the 
optimum management of white and red 
clover. As the former is always, and the 
latter is mainly, grown with a compan-
ion grass, the relationship between each 
legume and grass will also be considered. 
Although some aspects of the growth and 
development of white and red clover are 
specific to conditions in UK and Ireland, 
principles established in other temperate 
regions, such as parts of New Zealand and 
Australia, are generally applicable here.
Growth habit
The growth habits of white and red clover 
have several important differences that 
confer different levels of grazing toler-
ance. This is the main factor determining 
how the two legumes are used in pastures. 
White clover is able to supply N and high 
quality forage to swards grazed by rumi-
nants because its stoloniferous growth 
habit minimises the loss of growing points 
(buds) during grazing. In contrast, young 
shoots of red clover plants are located 
above the soil surface, which renders them 
more vulnerable to grazing damage. This 
means that red clover is normally used 
to supply N and increase the quality of 
swards cut for conservation as silage.
White clover and red clover have in 
common a segmental morphology, which 
is visible in the stems of both species 
(Figure 1). Each stem is made up of chains 
 BLACK ET AL.: GROWTH AND MANAGEMENT OF CLOVER 151
of segments (phytomers). New segments 
are formed at the apical bud at the tip of 
the stem. Each segment has a node, which 
comprises a leaf, petiole and an axillary 
bud, and an internode. Axillary buds are 
capable of forming roots, a flower or a 
branch stem. Each segment goes through a 
 similar life cycle: as one segment grows old 
and dies, it is replaced by a new segment. 
Segmental morphology enables repeated 
harvest and regrowth of leaves and peti-
oles. The arrangement of these segments 
differs markedly between the two legumes 
because of their different growth habits.
White clover has a ‘stoloniferous’ 
growth habit and an adventitious root 
system (Baker and Williams, 1987; Frame 
et al., 1998). The seedling forms a tap-
root at an early stage, but this dies after 
about 2 years (Brock et al., 2000). Once 
the seedling produces five or six leaves, 
axillary buds on the primary stem start to 
develop branch stems which subsequently 
form into stolons that grow along the soil 
surface (Figure 1a). The primary stem 
stops growing after it produces about 
10 leaves so further growth is from the 
stolons. Leaves, petioles and adventi-
tious roots are formed at nodes along 
the length of the stolons. Eventually old 
segments die and stolons become isolated 
from the parent plant. These stolon frag-
Figure 1. Morphology of (a) white clover and (b) red clover (adapted from Frame et al., 
1998). AB = apical bud, AR = adventitious root, AXB = axillary bud, B = branch, C = 
crown, FH = flower head (inflorescence), IN = internode, L = leaflet lamina, N = node, 
P = petiole, PE = peduncle, RN = root nodule (contains rhizobia), S = stipule, SA = 
stolon advance, SD = stolon death, TR = taproot.
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ments then become independent plants 
and can branch to form new stolons. 
Old stolon segments continue to die as 
new segments are formed. This means 
that white clover is self-replacing and is 
sometimes referred to as having a ‘clonal’ 
growth habit. Flower heads usually form 
intermittently along the stolon, but sev-
eral vegetative buds are spread between 
the flower heads and the apical buds 
remain vegetative.
In contrast to the clonal growth habit 
and shallow adventitious root system of 
white clover, red clover typically has an 
erect growth habit and a deep taproot 
(Frame et al., 1998). Red clover naturally 
has larger shoots and a lower shoot den-
sity than white clover. Stems are formed 
at growing points located on the crown 
on top of the taproot (Figure 1b). The 
seedling starts to develop branches from 
axillary buds on the primary stem. The 
primary stem stops growing at similar 
stages of leaf development as white clover 
(Thomas, 2003). Stems of red clover grow 
upwards from the crown and new seg-
ments are formed at the tip of the stem. 
Vegetative stems remain relatively short 
but flowering stems elongate rapidly and 
vertically. After a flowering stand of red 
clover has been harvested, almost all of 
the regrowth takes place from basal buds 
lower on the crown. The taproot system 
rarely survives longer that 3 or 4 years, 
at which point the whole plant dies. Red 
clover is capable of forming adventitious 
roots under moist conditions (Hyslop et 
al., 1996; Thomas, 2003), but not as pro-
lifically as white clover.
Further understanding of the growth of 
white and red clover in swards requires 
some knowledge of the canopy develop-
ment of each species and their companion 
grass because this determines the extent 
to which sunlight is intercepted for photo-
synthesis and growth.
Interception of solar radiation 
and canopy development
The interception of solar radiation by the 
leaf canopy of a sward is the main driver of 
photosynthesis needed for sward growth 
(Hay and Porter, 2006). Photosynthetically 
active radiation (PAR) in sunlight is either 
absorbed or reflected by the first surface it 
contacts so if it is not intercepted by green 
leaves, its energy is not available for plant 
growth. Thus, the ability of white and 
red clover and their associated grasses to 
develop a canopy of healthy green leaves 
is important to maximise the yield and 
persistence of a sward. The development 
of this canopy depends on the components 
of plant leaf area expansion, senescence 
and canopy architecture.
Components of plant leaf area expansion
In swards, the leaf area of a plant at a 
given time is determined by rates of 1) 
leaf appearance, 2) leaf expansion and 3) 
branching or tillering.
Leaf appearance: The rate of leaf 
appearance on stems of clover and grass 
plants depends mainly on temperature. 
The linear relationship between rate of 
leaf appearance from a stem and tempera-
ture between the base and optimum car-
dinal temperatures for plant development 
means that the process can be quantified 
by a single phyllochron in thermal time 
(Hay and Porter, 2006). A base tempera-
ture of 0 to 5 °C and an optimum of about 
25 °C are appropriate for leaf and stem 
development in most temperate pasture 
species (Moot et al., 2000; Black, Moot 
and Lucas, 2006). The phyllochron of 
white clover is shorter than red clover, but 
is similar to perennial ryegrass, and the 
phyllochrons of white clover and ryegrass 
are consistent across environments where 
water and nutrients are not limiting (Table 
1). Arnott and Ryle (1982) recorded the 
leaf appearance of establishing white and 
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red clover plants under a range of environ-
mental conditions (day temperatures of 
15 to 20 °C and night temperatures of 10 
to 15 °C). The average rate of appearance 
of successive leaves for white clover was 
slightly faster than that for red clover (5.0 
compared with 5.7 days per leaf, respec-
tively). Thus, white clover and ryegrass 
produce leaves from a stem at a faster rate 
than red clover.
Leaf expansion: The rate of expansion of 
leaves after appearance (grasses) or unfold-
ing (clovers) affects the rate of increase of 
leaf area. Arnott and Ryle (1982) showed 
that the duration of expansion of indi-
vidual leaves was shorter in establishing 
white clover than red clover under the 
same environmental conditions. Leaves of 
white clover took an average of 10.4 days 
to reach full expansion from appearance 
compared with 12.1 days for leaves of red 
clover. However, the maximum area of a 
single leaf was about three times great-
er for red than white clover. Increasing 
the day-time temperature from 15 to 
20 °C and night-time temperature from 
10 to 15 °C, reduced the duration of leaf 
expansion by 1.6 days for white clover and 
1.1 days for red clover, but increased final 
leaf area due to the positive effect of tem-
perature on rate of leaf area expansion.
The rate of leaf production of white 
clover relative to that of the accompa-
nying grass is important in determining 
their relative competitiveness in swards. 
In summer, the rate of petiole extension in 
white clover is as fast as lamina and sheath 
expansion in vegetative perennial ryegrass 
and so many of the laminae of white clo-
ver are able to be positioned favourably in 
the canopy. However, as petiole extension 
in white clover is more sensitive to tem-
perature than leaf and sheath expansion 
in perennial ryegrass, the leaves of white 
clover are deeper in the canopy in winter 
than in summer and so are less able to 
compete for light within the mixed canopy 
(Woledge, Davidson and Tewson, 1989).
Branching: The segmental structure of 
white and red clover (and grass) allows 
for the development of secondary stems 
at each node. This increases the potential 
of individual plants to generate leaf area 
after sowing and defoliation (Hay and 
Porter, 2006). The extent of branching (til-
lering) may differ greatly between pasture 
species and, because branching is related 
to the phyllochron, these differences may 
be quantified in thermal time. After sow-
ing, the appearance of the first axillary 
leaf in seedlings, which marks the start of 
branching, occurs in perennial ryegrass 
before it does in white or red clover, 
and is independent of site when quan-
tified in thermal time (Table 1). This 
advantage allows perennial ryegrass to 
rapidly increase its leaf area after sowing 
to intercept light for photosynthesis and 
Table 1. Phyllochron (°C days/leaf) for primary stems and time to appearance of the first axillary leaf 
(°C days after sowing) for white clover, red clover and perennial ryegrass after an autumn sowing in 
Co. Meath, Ireland and for white clover and perennial ryegrass grown at different temperatures 
in controlled environments
Autumn sowing1 Controlled environments2
Species Phyllochron Axillary leaf Phyllochron Axillary leaf 
White clover 105 551 94 532
Red clover 127 623 – –
Perennial ryegrass 93 335 101 373
1 Black and O’Kiely, 2007.
2 Black et al., 2006.
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growth, thereby making it more competi-
tive towards slower establishing species 
such as white clover (Black et al., 2006).
In established swards, the high potential 
for branching in perennial ryegrass means 
that its tiller density is usually higher (e.g., 
35 000/m2; Jones, Collett and Brown, 1982) 
than the stolon density of white clover 
(e.g., 600/m2; Laidlaw and Stewart, 1987). 
Because branching is highly influenced by 
temperature, defoliation, mineral nutri-
tion and inter-plant competition, growing 
point density may vary greatly over time. 
For example, stolon growing point density 
of white clover varied from about 300 to 
1000/m2 over three consecutive years in a 
rotationally grazed grass/clover sward in 
the UK (Laidlaw and Stewart, 1987). 
Quantitative information on the branch-
ing of red clover in swards is limited. 
However, its shoot density is generally 
lower compared with white clover, which 
is linked to the larger leaf area per shoot 
in red clover.
In dense swards, the light environment 
affects branching of clover and grass plants 
through changes in light quality with depth 
in the canopy. Daylight is a spectrum of 
wavelengths and the ratio of two of these 
wavelengths, red (660 nm):far red (730 
nm), influences branching by its action on 
the plant protein phytochrome (Hay and 
Porter, 2006). In daylight, the red:far-red 
ratio is about 1.2, which triggers branch-
ing. More red light is intercepted for 
photosynthesis with increasing depth in 
the canopy. However, because leaves are 
transparent to far red light the red:far-red 
ratio declines and branching at the base 
of the sward is inhibited. Thus, changes in 
sward structure resulting from defoliation, 
N fertilizer or death of individual plants 
can alter the light environment and fur-
ther influence branching.
Figure 2. Stolon growing point density of white clover (excluding stolon buds) in rotationally 
grazed grass/clover swards receiving either no N fertilizer or 50 kg N/ha in spring in three 
consecutive years (Laidlaw and Stewart, 1987).
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Leaf senescence 
The lifespan (appearance to senescence 
or death) of leaves in all pasture species 
is genetically programmed. The regular 
pattern of leaf appearance, expansion and 
senescence means there are usually three 
green leaves on a perennial ryegrass til-
ler at any one time; as the fourth leaf is 
being produced, the first leaf appeared is 
senescing. 
In frequently grazed swards, the senes-
cence:growth ratio of leaf laminae is much 
lower in white clover than grass because 
most leaves of white clover are grazed 
before they die whereas parts of grass lam-
inae remain after defoliation (Laidlaw and 
Steen, 1989). Thus, the lifespan of a white 
clover leaf seems to be less important 
in continuously stocked swards than in 
swards rotationally grazed infrequently. 
For red clover, each stem carries four to 
six green leaves during vegetative devel-
opment (Arnott and Ryle, 1982), but this 
may be higher on flowering stems.
Leaf area index and canopy architecture
The canopy characteristics that are impor-
tant for determining interception of solar 
radiation are leaf area index and canopy 
architecture. Leaf area index (LAI) is the 
unit area of leaf per unit area of ground 
it covers. It continues to form after defo-
liation until the canopy intercepts about 
95% of available light when the critical 
LAI is reached. In monocultures, this is 
about 3 to 3.5 for the two legumes at veg-
etative stages and about 5 for flowering 
red clover (Joggi, Hofer and Nösberger, 
1983). However, a grass/white clover 
sward will have a critical LAI of about 
4 to 6 (Brougham, 1958).
Canopy architecture refers to the posi-
tion and angle of leaves within a canopy. 
Leaves of both legumes are folded early 
in development, and then are raised by the 
petiole to be close to the top of the canopy 
where they unfold to be displayed almost 
horizontally. During flowering in red clo-
ver, young leaves are further extended to 
the upper layers of the canopy by exten-
sion of internodes on a reproductive stem. 
Most light is intercepted by young leaves 
in the upper part of the canopy with little 
getting onto older, lower leaves, causing 
these to senesce.
White clover leaves are almost hori-
zontal while grass leaves tend to be 
more vertical, so in swards light intercep-
tion by the two components differs, par-
ticularly in the upper layers of the canopy. 
Table 2. Growth and senescence of perennial ryegrass leaves (mm/day per tiller) and white clover  laminae 
(cm2/day per stolon) in grass/white clover swards continuously stocked with steers at a low and high 
 stocking rate1
Year Growth/senescence Perennial ryegrass White clover
Low stocking High stocking Low stocking High stocking
1 Growth 7.8 6.4 0.30 0.30
Senescence 5.3 4.0 0.10 0.03
Senescence:Growth 0.67 0.63 0.33 0.10
2 Growth 6.7 5.1 0.44 0.33
Senescence 3.8 3.0 0.08 0.03
Senescence:Growth 0.57 0.59 0.18 0.09
3 Growth 7.9 8.0 0.46 0.45
Senescence 5.1 4.6 0.09 0.10
Senescence:Growth 0.65 0.58 0.20 0.22
1 Laidlaw and Steen, 1989.
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This means that leaves of white clover 
are in a favourable position at the top of 
the canopy to intercept a high proportion 
of the available light (Figure 3, Laidlaw 
and Withers, 1997). For red clover, the 
distribution of leaf area within the canopy 
is greatest in the intermediate layers for 
both vegetative and reproductive stands 
(Figure 4, Joggi et al., 1983).
Effects of management factors 
So far the focus has been on the critical 
morphological and canopy characteristics 
of white and red clovers which influence 
their yield and persistence, and on how 
the development of their leaf canopy is 
regulated by grass competition and envi-
ronmental factors (mainly solar radiation 
and temperature). In this section, the 
focus is on how management factors 
(choice of cultivar, defoliation and N fer-
tilizer) regulate the yield and persistence 
of the two legumes, principally in terms 
of morphological development and exploi-
tation of light in swards with grass.
Cultivar and defoliation 
The effects of cultivar and defoliation on 
the yield and persistence of white and red 
clover are intrinsically linked so they can 
be considered together.
White clover: White clover is usually 
classified according to leaf size, with small-
leaved cultivars considered suitable for con-
tinuous sheep grazing, medium leaf types for 
rotational grazing and large-leaved cultivars 
mainly for lax cattle grazing or conserva-
tion. Small-leaved cultivars have a high sto-
lon density and larger-leaved cultivars typi-
cally have a low stolon density (Wilman and 
Asiegbu, 1982; Swift et al., 1992; Caradus, 
Hay and Woodfield, 1996; Brock and Hay, 
1996; Department of Agriculture and Rural 
Development, 2008).
The relationship between cultivar 
morphology and grazing management 
in white clover is an example of ‘size 
density compensation’ (i.e., the inverse 
relationship between leaf size and sto-
lon growing point density). Plant breed-
ers have exploited this relationship to 
develop cultivars which are suited to dif-
ferent defoliation regimes. Each cultivar 
also retains an inbuilt plasticity that 
allows a certain level of morphological 
adaptation to changes in defoliation in 
an attempt to maintain its LAI to inter-
cept light at different levels of herbage 
mass. For example, as grazing frequen-
cy and intensity increase, white clover 
responds by producing smaller leaves, 
shorter petioles and shorter and thinner 
stolons which increases the stolon grow-
ing point density (Carlson, 1966; King, 
Lamb and McGregor, 1978).
However, the potential of white clover 
to compensate to changes in defoliation 
differs markedly between cultivars. For 
example, a comparison of different culti-
vars under rotational and continuous stock-
ing by sheep in New Zealand (Brock, 1988) 
showed that a small-leaved cultivar (cv. 
Tahora) down sized sufficiently to survive 
the continuous stocking and clover content 
increased (Table 3). In contrast, a large-
leaved cultivar (cv. Kopu) that was continu-
ously stocked had a lower number of leaves 
per growing point, causing stolon mass and 
clover content to decline. Thus, selection of 
the right cultivar is important and depends 
on the grazing system (Brock and Hay, 
1996; Brock and Tilbrook, 2000; Brock, 
Hyslop and Widdup, 2003). This concurs 
with the inverse relationship between leaf 
size and persistence of white clover culti-
vars on the current recommended list for 
Northern Ireland (Figure 5).
The physiological process that enables 
white clover to compensate for changes 
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Figure 3. Leaf area index of grass and white clover in mixture, 50 days after defoliation, in 
4 cm layers through the canopy from ground level, with (a) no N fertilizer and (b) N fertiliser 
input of 100 kg/ha at the beginning of regrowth (Laidlaw and Withers, 1997).
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Figure 4. Leaf area index of (a) vegetative and (b) reproductive red clover in 4 cm layers 
through the canopy from ground level, 79 days after sowing (Joggi et al., 1983).
in defoliation is related to the red:far red 
ratio of sunlight. Stolons readily branch 
under full sunlight such as in a very 
open sward. In the later stages of sward 
regrowth, mainly far-red light reaches 
the stolons, reducing the red:far red ratio 
to 0.1 to 0.3 which inhibits branching 
(Robin et al., 1994). After defoliation, 
daylight again reaches stolon growing 
points and these are activated to form 
new stolon branches. In this way, stolon 
density is increased on repeated close 
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grazing. This mechanism of increasing 
the sites of new leaf production also 
provides a much more rapid increase in 
LAI in the early stages of regrowth than 
could be achieved solely by leaf appear-
ance on existing stolon growing points, 
which continues at more or less a fixed 
rate after defoliation.
White clover grows best under condi-
tions that allow sufficient time between 
defoliations for the development of suffi-
cient LAI for optimal interception of solar 
radiation and therefore growth. Thus, 
white clover content is usually greater 
in swards under rotational than continu-
ous stocking (Curll and Wilkins, 1983). 
Furthermore, continuous stocking at a 
very high grazing pressure reduces stolon 
branching and therefore LAI formation 
due to a reduction in carbohydrate con-
centration in stolons (Jones and Davies, 
1988) which can result in a rapid decline 
in white clover content (Orr et al., 1990). 
Conversely, if swards are grazed infre-
quently or are maintained at high herbage 
mass, stolon growing point density also 
declines because residual grass herbage 
shades the stolons and reduces branching, 
which inhibits white clover concentration 
(Steen and Laidlaw, 1995).
Red clover: Cultivars of red clover 
are usually classified by ploidy level and 
flowering date. Early flowering cultivars 
are widely grown and give two similar 
conservation cuts and subsequent lower-
yield cut(s). Late flowering cultivars give 
a greater proportion of their yield at the 
first cut and have been considered as more 
grazing tolerant and persistent than early 
flowering cultivars (since their growing 
points are more numerous). Tetraploid 
cultivars have been viewed as more per-
sistent and disease resistant than diploid 
varieties; although with modern variet-
ies this may not hold true (Frame et al., 
1998).
Red clover is less able to compen-
sate to changes in defoliation than white 
clover so yield and persistence decrease 
with increased defoliation frequency. For 
example, increasing the number of defo-
liations from 3 to 6 during the grow-
ing season in the UK reduced yield by 
30% (Sheldrick, Lavender and Tewson, 
1986). Under frequent close defoliation, 
red clover is unable to maintain LAI and 
plant numbers decline rapidly (Taylor and 
Quesenberry, 1996).
Red clover remobilises carbohydrates 
and N stored in its crown and taproots 
for regrowth. After defoliation, the phyto-
chrome mechanism (already discussed for 
branching of white clover stolons) allows 
activation of buds at the base of the crown 
Table 3. Effect of rotational grazing (RG) and continuous stocking (CS) by sheep on plant characteristics 
of four white clover cultivars in grass/clover swards1
System Cultivar2 Leaf area 
(cm2)
Leaves per
growing point
Stolon size 
(g/m)
Growing 
points/m2
Clover 
content (%)
RG Tahora 2.09 2.90 0.48 3 750 13.3
Huia 2.75 2.87 0.63 2 750 11.0
Kopu 5.58 2.88 0.88 1 530 19.5
CS Tahora 1.30 1.72 0.46 10 480 20.6
Huia 1.15 1.71 0.56 4 720 13.1
Kopu 1.66 1.42 0.61 1 530 7.3
s.e. 0.35 0.14 0.08 110 2.8
1 Brock, 1988.
2 Leaf size: Tahora = small, Huia = medium, Kopu = large.
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shoots in response to changes in red:far 
red light. In the early stages of regrowth, 
bud growth is driven by stored assimilates 
and the first leaves produced are small so 
light interception and regrowth are low. 
As the LAI increases, carbohydrates and 
N are again replenished in the crown and 
taproots (Joggi et al., 1983), provided the 
companion grass does not prevent red 
clover from claiming its share of available 
light. Reserves are normally accumulated 
in crowns and taproots during the growing 
season to be gradually depleted over win-
ter (Halling, 1988). Taking more than one 
harvest in autumn reduces these reserves, 
particularly in early-flowering cultivars. 
This has an adverse effect on persistence 
and reduces yield and competitive ability 
at the first harvest in the following spring.
Red clover is more vulnerable to graz-
ing than white clover due to its upright 
growth habit and solitary crown. Continuous 
stocking reduces its persistence due to 
removal of leaf area and growing points as 
well as crown damage by hoof trampling 
which hastens invasion by pathogens. Even 
with some form of lax rotational grazing, 
the persistence of red clover is limited 
to 2 or 3 years (Laidlaw, 1979; Cosgrove 
and Brougham, 1985; Hay, 1985; Hay and 
Hunt, 1989; Sheath and Hodgson, 1989; 
Kelly, Stockdale and Mason, 2005).
Improved grazing tolerance is now 
a major breeding objective for red clo-
ver (Frame et al., 1998; Abberton and 
Marshall, 2005). In Australia, a semi-
prostrate cultivar (cv. Astred), which 
reproduces by seed and vegetatively by 
stolons, has shown persistence under 
grazing (Smith and Bishop, 1993). In 
New Zealand, spreading types have 
shown increased persistence over crown 
types under fertile and moist conditions 
(Hyslop et al., 1996; Orr and Wedderburn, 
y=-0.0179x + 7.3186
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Figure 5. Relationship between leaf size (% relative to cv. Grassland Huia) and grazing per-
sistence of white clover cultivars grown in grass/clover swards under a low N fertilizer regime 
(Department of Agriculture and Rural Development, 2008).
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1996; Hyslop, 1999). The cultivar Astred 
was compared with a crown-type cultivar 
(cv. Pawera) under grazing frequencies 
of 4, 6 and 8 weeks and post-grazing 
heights of 5 cm and 10 cm (Hay and 
Ryan, 1989; Brock et al., 2003). Astred 
had more plants remaining after 2 years 
under all grazing management options 
(Table 4).
Recently, breeding for grazing toler-
ance in red clover has led to new cultivars 
in New Zealand (Claydon, Rumball and 
Miller, 2003; Rumball, Keogh and Miller, 
2003). Such cultivars warrant further 
investigation in Ireland. The expectation 
is that prostrate and spreading cultivars 
will be more grazing tolerant, but possibly 
lower yielding, than crown-type cultivars 
with erect growth forms that are typically 
grown for conservation. However, early 
provisional results from variety compari-
sons in Northern Ireland show some of 
these stoloniferous cultivars to be as high 
yielding in the first two harvest years as 
some conservation types under cutting 
(Department of Agriculture and Rural 
Development, 2008).
Nitrogen fertilizer
Nitrogen fertilizer does not adversely 
affect white clover growth directly but it 
stimulates grass growth which increases 
its competitiveness towards white clover. 
Laidlaw and Withers (1997) showed that 
with no N fertilizer leaves of white clover 
occupied a high proportion of the upper-
most LAI of the canopy over a short ver-
tical distance (Figure 3). However, with 
N fertiliser input of 100 kg/ha the con-
tribution of grass LAI to the uppermost 
layer of the canopy increased, rather 
than overtopping leaves of white clover, 
and the share of light available to white 
clover declined. This results in a reduc-
tion in photosynthesis by white clover. 
Consequently, young stolon branches 
do not survive and branching is inhib-
ited due to a declining red:far-red ratio 
(e.g., Figure 2, Laidlaw and Stewart, 
1987). This, combined with increased 
grass growth, results in a decline in white 
clover content in the sward in response to 
N fertilizer.
Nitrogen fertilizer has little impact on 
the production of a red clover monocul-
ture, although it may increase the weed 
grass component and reduce the red clo-
ver content of the stand (Frame, Harkess 
and Hunt, 1976). In grass/red clover 
swards, the effect of applying N fertil-
izer on the legume component is simi-
lar to that for grass/white clover swards 
(Frame, 1990; O’Kiely, O’Riordan and 
Black, 2006).
Table 4. Effects of grazing frequency (4, 6 and 8 weeks) and post-grazing height (5 and 10 cm) on 
persistence1 of red clover over 18 months in Southland, New Zealand2
Season Cultivar3 4 weeks 6 weeks 8 weeks s.e.
5 cm 10 cm 5 cm 10 cm 5 cm 10 cm
Mid-winter Pawera 83 86 90 84 86 77 4.6
Astred 68 78 78 90 69 87
Summer Pawera 67 57 74 64 61 53 6.3
Astred 51 77 69 73 65 76
Spring Pawera 13 48 30 43 39 34 6.3
Astred 26 59 52 58 47 66
1 Proportion of parent plants that survived.
2 Hay and Ryan, 1989.
3 Pawera = crown type, Astred = creeping type.
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Management implications
White clover/grass swards 
For white clover to make its target con-
tribution to pasture production it needs 
to make a significant contribution to the 
upper layers of the sward canopy as early 
in each season as possible. To achieve 
this, grass growth in spring needs to be 
controlled so white clover can intercept 
its share of light for photosynthesis and to 
stimulate the branching of stolons at the 
base of the sward.
The population of functional white clo-
ver stolon growing points (i.e. those which 
produce harvestable leaves) follows an 
annual cycle rising from a low population 
in spring to a maximum in about late July 
and thereafter declining steadily through 
autumn into winter as older stolons die and 
are not replaced. In early spring, carbohy-
drate reserves in the stolon are at their 
lowest (Hay et al., 1989), which means that 
white clover is at its most vulnerable to 
competition from grass. Thus, grass needs 
to be controlled in early-mid spring (by 
frequent grazing and minimizing N fertil-
izer application) so that daylight reaches 
the stolons to stimulate branching and the 
grass canopy is controlled to allow white 
clover leaves to photosynthesise and build 
up stolon reserves (Laidlaw, Teuber and 
Withers, 1992). In late autumn and winter, 
care is needed to avoid damage and burial 
of stolons during grazing, which can lead 
to an increase in winter-kill (Grant and 
Marriot, 1989; Patterson, Laidlaw and 
McBride, 1995).
Management should ensure that a bal-
ance is struck between grazing being suf-
ficiently intense for light to reach stolons 
to stimulate branching and grazing inter-
vals sufficiently long for leaves of white 
clover to claim their share of LAI in the 
upper canopy layer. To achieve the lat-
ter, it is important that the right choice 
of cultivar has been made (Table 3). Even 
in swards continuously stocked by sheep, 
white clover content can remain relatively 
stable from year-to-year by the use of 
small-leaved cultivars with a high stolon 
density and control of sward surface height 
to avoid overgrazing (Davies, Fothergill 
and Jones, 1991; Laidlaw, Withers and 
Toal, 1995; Teuber and Laidlaw, 1995). 
The principle of allowing sufficient time 
during regrowth intervals for leaves of 
white clover to contribute to the upper 
layer of the canopy also applies in a 
silage system (Roberts, Frame and Leaver, 
1989).
During grazing the transfer of legume 
N to grass provides a competitive advan-
tage to grass. Some transfer takes place 
irrespective of grazing due to death and 
decay of roots and stolons. In addition, 
N in herbage consumed but not utilized 
by the animal is returned to the sward 
in excreta (Ledgard, 1991). Legumes, 
such as white clover, receive no net gain 
from N fertilizer because they merely 
replace fixed atmospheric N with this 
external source of   N (Armstrong et al., 
1999). Only the grass benefits from this 
additional N. Thus, a further source 
of pressure is exerted on white clover. 
Nevertheless, large-leaved cultivars can 
be competitive towards grass (Camlin, 
1981). These complex interactions 
between white clover and grass make a 
flexible approach to management essen-
tial (Frame and Laidlaw, 1998).
Red clover/grass swards 
The morphology and physiology of red 
clover dictates that it is primarily a for-
age species for conservation. It grows 
best between infrequent cuts which min-
imise damage to growing points and 
allow sufficient time for it to intercept 
light. To aid ensilage, red clover is best 
grown with grass (O’Kiely and Black, 
2008). Unlike white clover, the canopy 
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characteristics of red clover enable it 
to compete with grass during the first 
two regrowth intervals each year. Also, 
N transfer as a percentage of the total 
N in red clover is low compared with 
white clover under cutting (Frame et 
al., 1998). This is an advantage to red 
clover because its contribution to the 
strength of grass competition is rela-
tively low. Although there is usually a 
gradual increase in grass contribution 
year-on-year, this is due more to red clo-
ver declining independently of the grass 
than due to grass yield increasing.
Red clover is a short term perennial 
but there have been instances when it is 
cut three to four times per year for it to 
remain productive beyond its third har-
vest year. This is less likely if it is grazed 
in autumn. For the potential production 
of current cultivars to be realized in 
Ireland, management should include long 
regrowth intervals, e.g. 3 to 5 harvests per 
year. Also, its growth and competitive 
ability towards grass is reduced by graz-
ing due to: damage to the crown by tread-
ing, the potential for selective grazing as 
the sward is open and increased availabil-
ity of N to grass from excreta. Thus, the 
main purpose of including red clover in a 
seed mix for grazing is to improve yield 
and quality in the early life of the sward. 
While in the future red clover may be 
routinely used as a dual purpose forage, 
until prostrate or stoloniferous cultivars 
have been proven to be tolerant of graz-
ing red clover should be confined mainly 
to conservation swards.
Knowledge of responses of growing 
point density and of production per 
growing point to management and envi-
ronmental factors is of practical impor-
tance. Quantified information on these 
can form the basis of models of crop 
growth (Hay and Porter, 2006). These 
models can be incorporated into deci-
sion or management support systems 
such as in a grass/white clover model as 
part of the CloverCheck management 
aid system in Northern Ireland (Laidlaw, 
Moore and Dale, 2007). Detailed quan-
tification of responses of red clover axes 
and segment production to a range of 
relevant management and environmental 
conditions in monoculture and mixture 
could form a starting point for such a 
model for red clover.
References
Abberton, M.T. and Marshall, A.H. 2005. Progress in 
breeding perennial clovers for temperate agricul-
ture. Journal of Agricultural Science 143: 117–135.
Armstrong, R.D., McCosker, K., Johnson, S.B., 
Walsh, K.B., Millar, G., Kuskopf, B., Standley, 
J. and Probert, M.E. 1999. Legume and oppor-
tunity cropping systems in central Queensland. 
1. Legume growth, nitrogen fixation, and water 
use. Australian Journal of Agricultural Research 
50: 909–924.
Arnott, R.A. and Ryle, G.J.A. 1982. Leaf surface 
expansion on the main axes of white and red clo-
vers. Grass and Forage Science 37: 227–233.
Baker, M.J. and Williams, W.M. 1987. “White 
Clover”. CAB International, Oxon, UK, 534 
pages.
Barnes, R.F., Nelson, C.J., Moore, K.J. and Collins, 
M. 2003. “Forages: The Science of Grassland 
Agriculture”, Volume 2 (6th Edition). Blackwell 
Publishing, Ames, IA, USA, 791 pages.
Black, A.D., Moot, D.J. and Lucas, R.J. 2006. 
Development and growth characteristics of 
Caucasian and white clover seedlings, compared 
with perennial ryegrass. Grass and Forage Science 
61: 442–453.
Black, A.D. and O’Kiely, P. 2007. Seedling growth 
and development characteristics of perennial 
clover species compared with perennial ryegrass. 
Grassland Science in Europe 12: 192–195.
Brock, J.L. 1988. Evaluation of New Zealand bred 
white clover cultivars under rotational grazing 
and set stocking with sheep. Proceedings of the 
New Zealand Grassland Association 49: 203–206.
Brock, J.L. and Hay, M.J.M. 1996. A review of the 
role of grazing management on the growth and 
performance of white clover cultivars in low-
land New Zealand pastures. In: “White Clover: 
New Zealand’s Competitive Edge” (ed. D.R. 
164     IRISH JOURNAL OF AGRICULTURAL AND FOOD RESEARCH, VOL. 48, NO. 2, 2009
Woodfield), Grassland Research and Practice 
Series No. 6, New Zealand Grassland Association, 
Palmerston North, New Zealand, pages 65–70.
Brock, J.L. and Tilbrook, J.C. 2000. Effect of cultivar 
of white clover on plant morphology during the 
establishment of mixed pastures under grazing. 
New Zealand Journal of Agricultural Research 43: 
335–343.
Brock, J.L., Albrecht, K.A., Tilbrook, J.C. and Hay, 
M.J.M. 2000. Morphology of white clover during 
development from seed to clonal populations in 
grazed pastures. Journal of Agricultural Science 
135: 103–111.
Brock, J.L., Hyslop, M.G. and Widdup, K.H. 2003. 
A review of red and white clovers in the dryland 
environment. In: “Legumes for Dryland Pastures” 
(ed. D.J. Moot), Grassland Research and Practice 
Series No. 11, New Zealand Grassland Association, 
Wellington, New Zealand, pages 101–107.
Brougham, R.W. 1958. Interception of light by the 
foliage of pure and mixed stands of pasture plants. 
Australian Journal of Agricultural Research 9: 39–52.
Brummer, E.C. and Moore, K.J. 2000. Persistence 
of perennial cool-season grass and legume cul-
tivars under continuous grazing by beef cattle. 
Agronomy Journal 92: 466–471.
Camlin, M.S. 1981. Competitive effects between ten 
cultivars of perennial ryegrass and three cultivars 
of white clover grown in association. Grass and 
Forage Science 26: 169–178.
Caradus, J.R., Hay, R.J.M. and Woodfield, D.R. 
1996. The positioning of white clover cultivars in 
New Zealand. In: “White Clover: New Zealand’s 
Competitive Edge” (ed. D.R. Woodfield), 
Grassland Research and Practice Series No. 6, 
New Zealand Grassland Association, Palmerston 
North, New Zealand, pages 45–49.
Carlson, G.E. 1966. Growth of white clover 
leaves after leaf removal. Proceedings of the 
10th International Grassland Congress, Helsinki, 
Finland 10: 134–139.
Claydon, R.B., Rumball, W. and Miller, J.E. 2003. 
‘Grasslands Sensation’ red clover (Trifolium 
pratense L.). New Zealand Journal of Agricultural 
Research 46: 355–357.
Cosgrove, G.P. and Brougham, R.W. 1985. Grazing 
management influences on seasonality and per-
formance of ryegrass and red clover in a mix-
ture. Proceedings of the New Zealand Grassland 
Association 46: 71–76.
Curll, M.L. and Wilkins, R.J. 1983. The compara-
tive effects of defoliation, treading and excreta 
on a Lolium perenne-Trifolium repens pasture 
grazed by sheep. Journal of Agricultural Science, 
Cambridge 100: 451–460.
Davies, D.A., Fothergill, M. and Jones, D. 1991. 
Assessment of contrasting perennial ryegrasses, 
with and without white clover, under continu-
ous sheep stocking in the uplands. 3. Herbage 
production, quality and intake. Grass and Forage 
Science 46: 39–50.
Department of Agriculture and Rural Development. 
2008. “Grass and clover: recommended varieties 
for 2008/09”. Department of Agriculture and 
Rural Development Northern Ireland, Belfast, 
UK, 33 pages.
Elgersma, A., Schleper, H. and Nassiri, M. 2000. 
Interactions between perennial ryegrass (Lolium 
perenne L.) and white clover (Trifolium repens L.) 
under contrasting nitrogen availability: produc-
tivity, seasonal patterns of species composition, 
N2-fixation, N transfer and N recovery. Plant and 
Soil 221: 281–299.
Forde, M.B., Hay, M.J.M. and Brock, J.L. 1989. 
Development and growth characteristics of 
temperate perennial legumes. In: “Persistence 
of Forage Legumes” (ed. G.C. Marten, A.G. 
Matches, R.F. Barnes, R.W. Brougham, R.J. 
Clements and G.W. Sheath), American Society 
of Agronomy Inc., Crop Science Society of 
America Inc., Soil Science Society of America 
Inc., Madison, WI, USA, pages 91–110.
Frame, J. 1990. The role of red clover in the United 
Kingdom pastures. Outlook on Agriculture 19: 49–55.
Frame, J. and Newbould, P. 1986. Agronomy of white 
clover. Advances in Agronomy 40: 1–88.
Frame, J., Charlton, J.F.L. and Laidlaw, A.S. 1998. 
“Temperate Forage Legumes”. CAB Inter-
national, Oxon, UK, 327 pages.
Frame, J., Harkess, R.D. and Hunt, I.V. 1976. The 
effect of variety and fertilizer nitrogen level 
on red clover production. Journal of the British 
Grassland Society 31: 111–115.
Frame, J. and Laidlaw, A.S. 1998. Managing white 
clover in mixed swards; principles and practice. 
Pastos 28: 5–33.
Grant, S.A. and Marriott, C.A. l989. Some factors 
causing temporal and spatial variation in white 
clover performance in grazed swards. Proceedings 
of the 16th International Grassland Congress, Nice, 
France 16(2): 1041–1042.
Halling, M.A. 1988. Growth of timothy and red clo-
ver in relation to weather and time of autumn cut-
ting, 2: Storage of carbohydrates in autumn and 
spring. Swedish Journal of Agricultural Research 
18: 161–170.
Hay, M.J.M., Chu, A.C.P., Knighton, M.V. and 
Wewala, S. 1989. Variation with season and node 
position in carbohydrate content of white clo-
ver stolons. Proceedings of the 16th International 
 BLACK ET AL.: GROWTH AND MANAGEMENT OF CLOVER 165
Grassland Congress, Nice, France, 16(2): 1059–
1060.
Hay, R.J.M. 1985. “Variety × management interac-
tions with red clover”. Unpublished PhD thesis, 
Lincoln College, Canterbury, New Zealand.
Hay, R.J.M. and Hunt, W.F. 1989. Competition 
from associated species on white and red clover 
in grazed swards. In: “Persistence of Forage 
Legumes” (ed. G.C. Marten, A.G. Matches, 
R.F. Barnes, R.W. Brougham, R.J. Clements and 
G.W. Sheath), American Society of Agronomy 
Inc., Crop Science Society of America Inc., Soil 
Science Society of America Inc., Madison, WI, 
USA, pages 311–325.
Hay, R.K.M. and Porter, J.R. 2006. “The Physiology 
of Crop Yield” (2nd Edition). Blackwell Publishing 
Ltd, Oxford, UK, 314 pages.
Hay, R.J.M. and Ryan, D.L. 1989. A review of 10 
years’ research with red clovers under grazing 
in Southland. Proceedings of the New Zealand 
Grassland Association 50: 181–187.
Haynes, R.J. 1980. Competitive aspects of the grass-
legume association. Advances in Agronomy 33: 
227–256.
Hyslop, M.G., Kemp, P.D., Barker, D.J. and 
Hodgson, J. 1996. Incidence of nodal root-
ing and plantlet survival in spreading red clo-
ver. Proceeding of the New Zealand Grassland 
Association 58: 243–246.
Hyslop, M.G. 1999. “Evaluation of Vegetatively 
Reproductive Red Clovers (Trifolium pratense) 
for use in Pastoral Systems”. Unpublished PhD 
thesis, Massey University, Palmerston North, 
New Zealand.
Joggi, D., Hofer, U. and Nösberger, J. 1983. Leaf 
area index, canopy structure and photosynthesis 
of red clover (Trifolium pratense L.). Plant Cell 
and Environment 6: 611–616.
Jones, M.B., Collett, B. and Brown, S. 1982. Sward 
growth under cutting and continuous stocking 
managements: sward canopy structure, tiller den-
sity and leaf turnover. Grass and Forage Science 
37: 67–73.
Jones, D.R. and Davies, A. 1988. The effects of 
simulated continuous grazing on development 
and senescence of white clover. Grass and Forage 
Science 43: 421–425.
Kelly, K.B., Stockdale, C.R. and Mason, W.K. 2005. 
The productivity of irrigated legumes in Northern 
Victoria. 2. Effect of grazing management. 
Australian Journal of Experimental Agriculture 45: 
1577–1585.
King, J., Lamb, W.I.C. and McGregor, M.T. 1978. 
Effect of partial and complete defoliation on 
regrowth of white clover plants. Journal of the 
British Grassland Society 33: 49–55.
Laidlaw, A.S. 1979. Effects of grazing by lambs in 
autumn on a red clover-perennial ryegrass sward. 
Grass and Forage Science 34: 191–196.
Laidlaw, A.S. 1988. The contribution of different 
white clover cultivars to the nitrogen yield of 
mixed swards. Grass and Forage Science 43: 347–
350.
Laidlaw, A.S. and Steen, R.W.J. 1989. Turnover of 
grass laminae and white clover leaves in mixed 
swards continuously grazed with steers at a high 
and low N fertilizer level. Grass and Forage 
Science 44: 249–258.
Laidlaw, A.S. and Stewart, T.A. 1987. Clover devel-
opment in the sixth to ninth year of a grass/clover 
sward as affected by out-of-season management 
and spring fertilizer nitrogen application. Research 
and Development in Agriculture 4: 155–160.
Laidlaw, A.S., Teuber, N.G. and Withers, J.A. 1992. 
Out-of-season management of grass/clover swards 
to manipulate clover content. Grass and Forage 
Science 47: 220–229.
Laidlaw, A.S., Withers, J.A. and Toal, L.G. 1995. The 
effect of surface heights of swards continuously 
stocked with cattle on herbage production and 
clover content over four years. Grass and Forage 
Science 50: 48–54.
Laidlaw, A.S. and Withers, J.A. 1997. Changes in 
contribution of white clover to canopy struc-
ture in perennial ryegrass/white clover swards in 
response to fertilizer. Grass and Forage Science 
53: 287–291.
Laidlaw, A.S., Moore, N. and Dale, A.J. 2007. 
Monitoring and modelling growth in a proposed 
management support system for grass-white clover 
swards. In: “Making Science Work on the Farm” 
(ed. N.M. Holden, T. Hochstrasser, R.P.O. Schulte 
and S. Walsh), AgMet, Dublin, pages 83–88.
Ledgard, S.F. 1991. Transfer of fixed nitrogen from 
white clover to associated grasses in swards grazed 
by dairy cows estimated using l5N methods. Plant 
and Soil 131: 215–223.
McNeill, A.M. and Wood, M. 1990. 15N estimates of 
nitrogen fixation by white clover (Trifolium repens 
L.) growing in a mixture with ryegrass (Lolium 
perenne L.). Plant and Soil 128: 265–273.
Moot, D.J., Scott, W.R., Roy, A.M. and Nicholls, 
A.C. 2000. Base temperature and thermal time 
requirements for germination and emergence of 
temperate pasture species. New Zealand Journal 
of Agricultural Research 43: 15–25.
O’Kiely, P. and Black, A.D. 2008. Red clover for 
silage: management impacts on chemical com-
166     IRISH JOURNAL OF AGRICULTURAL AND FOOD RESEARCH, VOL. 48, NO. 2, 2009
position in the season after sowing. Grassland 
Science in Europe 13: 492–494.
O’Kiely, P., O’Riordan, E.G. and Black, A.D. 2006. 
Red clover for silage: management impacts on 
yield and digestibility during the season after sow-
ing. Grassland Science in Europe 11: 243–245.
Orr, R.J., Parsons, A.J., Penning, P.D. and Treacher, 
T.T. 1990. Sward composition, animal perfor-
mance and the potential production of grass/
white clover swards continuously stocked with 
sheep. Grass and Forage Science 45: 325–336.
Orr, S.J. and Wedderburn, M.E. 1996. Assessing the 
persistence of some pasture legumes in hill coun-
try. Proceedings of the New Zealand Grassland 
Association 56: 101–105.
Patterson, J.D., Laidlaw, A.S. and McBride, J. 1995. 
The influence of autumn management and com-
panion grass on the development of white clover 
over winter in mixed swards. Grass and Forage 
Science 50: 345–352.
Pederson, G.A. 1995. White clover and other peren-
nial clovers. In: “Forages: An Introduction to 
Grassland Agriculture” Volume 1 (ed. R.F. 
Barnes, D.A. Miller and C.J. Nelson), Iowa 
State University Press, Ames, IA, USA, pages 
227–236.
Peoples, M.B. and Baldock, J.A. 2001. Nitrogen 
dynamics of pastures: nitrogen fixation inputs, 
the impact of legumes on soil nitrogen fertil-
ity, and the contributions of fixed nitrogen to 
Australian farming systems. Australian Journal of 
Experimental Agriculture 41: 327–346.
Roberts, D.J., Frame, J. and Leaver, J.D. l989. A 
comparison of a grass/white clover sward with 
a grass sward plus nitrogen under a three-cut 
regime. Research and Development in Agriculture 
6: l47–l50.
Robin, C., Hay, M.J.M., Newton, P.C.D. and Greer, 
D.H. 1994. Effect of light quality (red:far red 
ratio) at the apical bud of the main stolon on 
morphogenesis of Trifolium repens L. Annals of 
Botany 74: 119–123.
Rumball, W., Keogh, R.G. and Miller, J.E. 2003. 
‘Crossway’ and ‘Grasslands Broadway’ red clovers 
(Trifolium pratense L.). New Zealand Journal of 
Agricultural Research 46: 57–59.
Sheath, G.W. and Hodgson, J. 1989. Plant-animal 
factors influencing legume persistence. In: 
“Persistence of Forage Legumes” (ed. G.C. 
Marten, A.G. Matches, R.F. Barnes, R.W. 
Brougham, R.J. Clements and G.W. Sheath), 
American Society of Agronomy Inc., Crop 
Science Society of America Inc., Soil Science 
Society of America Inc., Madison, WI, USA, 
pages 361–374.
Sheldrick, R.D., Lavender, R.H. and Tewson, V.J. 
1986. The effects of frequency of defoliation, 
date of first cut and heading date of a peren-
nial ryegrass companion on the yield, quality and 
persistence of diploid and tetraploid red clover. 
Grass and Forage Science 41: 137–149.
Smith, R.S. and Bishop, D.J. 1993. Astred – a 
stoloniferous red clover. Proceedings of the 17th 
International Grassland Congress, New Zealand 
and Australia 17(1): 421–423.
Soegaard, K. 1994. Agronomy of white clover. 
Proceedings of the 15th General Meeting of the 
European Grassland Federation, Wageningen, The 
Netherlands 15: 515–524.
Steen, R.W.J. and Laidlaw, A.S. 1995. The effect 
of fertilizer nitrogen input on the stock-carrying 
capacity of ryegrass/white clover swards con-
tinuously grazed by beef cattle. Irish Journal of 
Agricultural and Food Research 34: 123–132.
Swift, G., Morrison, M.W., Cleland, A.T., Smith-
Taylor, C.A.B. and Dickson, J.M. 1992. Comparison 
of white clover varieties under cutting and grazing. 
Grass and Forage Science 47: 8–13.
Taylor, N.L. and Smith, R.R. 1995. Red Clover. 
In: “Forages: An Introduction to Grassland 
Agriculture” Volume 1 (5th Edition) (ed. R.F. 
Barnes, D.A. Miller and C.J. Nelson), Iowa State 
University Press, Ames, IA, USA, pages 217–226.
Taylor, N.L. and Quesenberry, K.H. 1996. “Red 
clover science (Current Plant Science and 
Biotechnology in Agriculture)”. Kluwer Academic 
Press, Dordrecht, The Netherlands, 226 pages.
Taylor, N.L. 2008. A century of clover breeding 
developments in the United States. Crop Science 
48: 1–13.
Teuber, N. and Laidlaw, A.S. 1995. Effect of herb-
age rejection by steers on white clover (Trifolium 
repens) branching and development in contin-
uously stocked grass-clover swards. Journal of 
Agricultural Science, Cambridge 124: 205–212.
Thomas, R.G. 2003. Comparative growth forms 
of dryland forage legumes. In: “Legumes for 
Dryland Pastures” (ed. D.J. Moot), Grassland 
Research and Practice Series No. 11, New 
Zealand Grassland Association, Wellington, New 
Zealand, pages 19–26.
Wilman, D. and Asiegbu, J.E. 1982. The effects of 
variety, cutting interval and nitrogen application 
on the morphology and development of stolons 
and leaves of white clover. Grass and Forage 
Science 37: 15–27.
Woledge, J., Davidson, I.A. and Tewson, V.J. 1989. 
Photosynthesis during winter in ryegrass/white 
clover mixtures in the field. New Phytologist 113: 
275–281.
